Sickle-cell Haemoglobin 0 Disease in a Sudanese Family S. A. IBRAHIM,* D.K.S.M., PH.D.; DAOUD MUSTAFA,t D.K.S.M., F.R.C.P. Brit. med.J., 1967, 3, 715-717 Besides sickle-cell anaemia, the finding of Hb S with other /3-chain variants of adult haemoglobin was first demonstrated by Itano and Neel (1950) in the well-known discovery of sicklecell Hb C disease. Since then Hb S has been observed with Hb D, E, G, J. and K (Itano, 1951;  Aksoy and Lehmann, 1957; Schwartz and Spaet, 1955 ; Went and MacIver, 1959; O'Gorman et al., 1963) . In such circumstances there is a sickle-cell disease which, while of varying severity, is milder than the homozygous sickle-cell anaemia.
Hb S was first observed with Hb 0 in two children of an Arab family who were reported to be suffering from a sicklecell Hb 0 trait condition. In those cases some Hb A was also found in addition to Hb S and 0 (Ramot et al., 1960) , and it was subsequently concluded that there must have been a previous blood transfusion (Baglioni and Lehmann, 1962) . The clinical picture of sickle-cell Hb 0 disease has not yet been reported. The present report describes two cases which occurred in a Sudanese family.
Case 1
A Sudanese man aged 27 coming from the village of Abu Haraz, Gezira, was admitted into Khartoum Hospital on 1 September 1966 complaining of joint pains and malaise for one month and fever for seven days. Since early childhood he had suffered from similar attacks with occasional episodes of jaundice, which were often precipitated by exertion. During infancy he had bouts of screaming, and was once taken to a native healer, who manipulated the patient's upper limbs. It was thought that as a result of such manipulations he developed severe tenderness and swelling of the left shoulder. The swelling was later incised and pus was drained. The patient had had the last attack of joint pains about a month previously when he was admitted to a district hospital, and it was while there that severe pain developed, with swelling of the right shoulder. The condition was diagnosed as rheumatoid arthritis and he was given salicylates and corticosteroids without benefit. The pain and swelling in the right shoulder persisted till his admission into Khartoum Hospital. Four months previously he had been found to have intestinal schistosomiasis and was treated with stibophen (Fouadin).
On admission he was ill-looking, in pain, wasted, and anaemic but not jaundiced. He had a large skull and was running a temperature of 103°F. (39.4' C.). Heart, lungs, and abdomen were normal; liver and spleen were not palpable. He had brisk tendon reflexes, but otherwise the nervous system was normal. The fundus oculi showed slight engorgement of the retinal veins and arterio- blastic with a fair number of megaloblasts and an increase of plasma cells. The blood chemistry is shown in (Fig. 2) . The skull was osteoporotic with opacities, and had a hair-on-end appearance. The left humerus was small, short, and had a very small remnant of a head (Fig. 3) Serum calcium was 9.9 mg./100 ml. and phosphorus 3.8 mg./ 100 ml. The rest of the blood chemistry is shown in Table II . The urine contained a fair number of erythrocytes, urobilinogen in excess, but no bilirubin. Stools were normaL Electrophoresis of the haemoglobin revealed Hb S+O, a finding that was confirmed by Dr. H. Lehmann. Hb F constituted 4.5% of the total haemoglobin. Electrophoresis of serum showed a considerable increase in the y-globulin fraction. X-ray examination of the chest showed right lower zone opacity and small areas of bone destruction in the right eighth and ninth ribs and to a less extent in the left sixth and eighth ribs at the sites corresponding to the tender swellings seen externally. An x-ray film of both hands (Fig. 4) showed that with the exception of the thumb the fingers of the left hand were all shorter than normal owing to reduction of the proximal and middle phalanges. The proximal phalanx of the right middle finger was also short. The ends of the affected phalanges showed osteoporosis, with cupping at the metacarpophalangeal and interphalangeal joints and reduction of joint spaces.
The patient maintained a low-grade fever for three weeks. The pneumonia and rib swellings subsided gradually. On 15 October she developed a painful swelling over the right radius; this subsided in a few days. On 8 November the old rib swellings subsided but two new non-tender swellings of the right eighth and ninth ribs appeared in the scapular line. On 30 November the left shoulder swelling and pain became worse. She was put on folic acid, and this converted the marrow to normoblastic with haematological improvement. 
Family History
The parents are distant cousins; both are alive and well. They have eight more siblings-five daughters and three sons-who are reported to be well. One child died four days after birth.
Electrophoresis of haemoglobin showed that the father has Hb A+S while the mother has Hb A+O (see Fig. 1 ). The rest of the family have not yet been examined.
Discussion
The incidence of Hb S and 0 Arab in Northern Sudanese has been reported as 2 and 0.1% respectively (Vella et Examination of the peptides arising from tryptic digestion of the abnormal haemoglobin has shown that haemoglobin 0 Arab harbours the chemical abnormality in the /3-polypeptide chains of the molecule (Baglioni and Lehmann, 1962) . It has also been shown that Hb S differs from Hb A in the amino-acid composition of the /3-polypeptide chains (Ingram, 1959) . Since adult haemoglobins are genetically determined by allelomorphic genes inherited in a Mendelian fashion, then the inheritance of the genes for Hb S and 0 by an individual will result in the formation of only Hb S + 0 by that individual.
No Hb A will therefore be formed, since the genes for Hb S and 0 both produce haemoglobins which are abnormal in the B-chains. The clinical picture of sickle-cell Hb 0 disease has hitherto not been described. Both patients whose cases are reported here are Northern Sudanese of Arab ancestry in whom the onset of symptoms of the disease began early in life. The bony lesion of the left shoulder in Case 1 and of both hands in Case 2 are probably manifestations that had taken place in infancy and early childhood respectively. The onset of symptoms in sickle-cell disease is generally later than in sicklecell anaemia, though it has been reported that in about 80% of the cases of SC disease the symptoms began in the first decade of life (Hook and Cooper, 1958) .
The most prominent clinical features in these two cases of SO disease are the joint pains and bony lesions involving humeri, ribs, skull, hands, femur, and radius, and of particular prominence is the marked affliction of the head of the humerus. Aseptic necroses of the femoral and humeral epiphyses are very common in SC disease (Smith and Conley, 1954; Hook and Cooper, 1958 ; Ranney, 1958) . Burchmore et al. (1962) suggested that arterial occlusion rather than capillary obstruction may be the main factor in the production of avascular necroses, multiple infarcts, and painful swellings seen in SC disease. Indeed, these authors provided unequivocal evidence of arterial occlusion in the case they reported.
Another prominent feature in our cases is the marked decrease of plasma albumin along with the considerable increase in y-globulin. The common diseases which cause such a disturbance of plasma proteins in the Sudan are leishmaniasis, hepatosplenic schistosomiasis, chronic malaria, and hepatic cirrhosis. These two patients were not suffering from leishmaniasis and there was no evidence of chronic malaria. Though Case 1 gave a history of intestinal schistosomiasis for which he received treatment there was no clinical evidence of hepatosplenic involvement. Liver disease and disturbed liver function have been described in cases of sickle-cell anaemia. Thus decreased plasma albumin and increased y-globulin were reported by Fenichel et al. (1950) . Histological evidence of liver disease, together with disturbance in plasma proteins and liver function tests, was also given by Green et al. (1953) . In the case of SC disease described by Burchmore et al. (1962) (Sherlock, 1963) .
In neither of our cases was there a palpable spleen. Splenomegaly occurs in the majority of cases of SC disease, in contrast to sickle-cell anaemia, in which a palpable spleen is detected in only a small proportion of cases (Wintrobe, 1961) . However, Edington (1957) reported that in some cases of SC disease the spleen may be fibrosed and hence cannot be felt.
Though in both cases the anaemia has been severe, it is fairly well tolerated. Both had megaloblastic erythropoiesis. Haemolytic anaemia as a factor in the development of megaloblastic erythropoiesis has been demonstrated in the specific case of sickle-cell anaemia by Jonsson et al. (1959) and by WatsonWilliams (1962) . Megaloblastic anaemia complicating SC disease has been reported by Fullerton and Watson-Williams (1962) , and the megaloblastosis has been attributed to excessive folic acid requirements.
It is of interest to note that one of our patients (Case 1) developed severe left loin pain which was associated with microscopic haematuria otherwise not observed in previous urine tests. Haematuria occurs in sickle-cell anaemia and in sickle-cell trait (Wintrobe, 1961) . Massive haematuria that is probably the result of renal arterial occlusion (Burchmore et al., 1962) often occurs in SC disease (Smith and Conley, 1954, 1958 
